Water-Rock Interaction in CO2 Sequestration in a Depleted Oil Reservoir Pilot Test  by Pang, Zhonghe et al.
 Procedia Earth and Planetary Science  7 ( 2013 )  656 – 659 
1878-5220 © 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the Organizing and Scientific Committee of WRI 14 – 2013
doi: 10.1016/j.proeps.2013.03.098 
Water Rock Interaction [WRI 14] 
Water-rock interaction in CO2 sequestration in a depleted oil 
reservoir pilot test 
Zhonghe Panga*, Yanlong Konga,b, Yiman Lia,b, Jie Lia,b 
a Institute of Geology and Geophysics,19 Beitucheng West Road, Beijing 100029, China  
b University of Chinese Academy of Sciences 1-1Yuquan Road, Beijing 100037,China 
Abstract 
A field test of CO2 sequestration in the Neogene Minghuazhen Formation in the Bohai Bay Basin (BBB-Nm test) is 
presented, where the first Chinese pilot project of CO2 storage in a depleted oil reservoir was implemented. A total of 
305 t CO2 was injected into the sandstone reservoir. The process of injection and pre/post-injection monitoring are 
described, especially for the geochemical monitoring in the field test. Results show that CO2 flux monitoring 
successfully tracked the injected CO2. Chemical analyses of post-injection brine samples indicate brine may have not 
been affected by CO2 injection during the monitoring period, which needs to be confirmed with further investigations 
before extending the results to deep saline aquifers. 
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1. Introduction 
Sequestration of CO2 in saline aquifers in sedimentary basins has proven to be the most promising 
choice for reducing CO2 emissions into the atmosphere owing to their large storage potential and broad 
distribution. Estimates for CO2 storage capacity in single, deep saline aquifers range from 10-2 to 104 Gt 
and would be sufficient for storing decades to centuries of future CO2 emissions [1]. Nevertheless, 
sequestration capacity estimates for saline aquifers are highly uncertain owing to the various CO2 
trapping mechanisms that act on different time scales, particularly geochemical reactions such as 
dissolution and mineral precipitation, and despite some progress in developing standard methods for 
capacity estimation and improving regional estimates [2]. 
Another potential barrier to widespread deployment of saline CO2 sequestration is the potential 
leakage of CO2 from the storage aquifer [1]. Locally, several kinds of leakage are of concern. Upward 
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CO2 leakage into a superficial aquifer can occur as a result of the caprock failing to contain CO2, the
 presence of faults or fractures, or through poorly cemented or abandoned boreholes. In addition, a 
sudden, fast and short-lived release of CO2 would occur in the case of well failure during injection or 
spontaneous blowouts [1]. To overcome these barriers and avoid the risks, a fundamental understanding 
of the geologic, hydrologic, geomechanical and geochemical processes controlling the fate and migration 
of CO2 in the subsurface is necessary. Technologies for storage capacity assessment, safety assessment 
and monitoring verifications should be developed. But all of these technologies should be developed and 
validated in a CO2 sequestration project at the field scale.  
The Bohai Bay Basin (BBB) is located in the emission-concentrated eastern coastal China, and is 
therefore a potential candidate for CO2 sequestration. Geological characterization of the BBB has been 
carried out by previous studies on CO2 sequestration for a number of districts of the basin [3-4]. In this 
paper, we will focus on preliminary results on the first pilot injection test of CO2 in this area.  
2. The Site and CO2 Injection 
The Bohai Bay Basin, one of the major petroleum- and gas-producing areas in eastern China, covers 
Bohai Bay and coastal areas with an area of about 200,000 km2 (Fig. 1). It is a large Mesozoic-Cenozoic 
intracratonic sedimentary basin filled by continental sediments of Paleocene, Neogene and Quaternary 
ages. It was formed during the Tertiary on the basement of the North China Platform, and consists of 
many separate Paleogene faulted depressions. During the Neogene, the whole area subsided and became 
united into a great depression, the so-called Huanghua Depression. 
 
Fig. 1 Location of the study area and distribution of injection (G282) and monitoring wells (G635 and G737) in the 
Dagang Field. 
The Huanghua Depression is located in the central part of the BBB, bounded by Cangdong Fault in the 
west, Ninghe-Changli Fault in the north, and Chengning buried uplift in the Southeast. The depression 
extends approximately southwest to northeast and covers a total area of approximately 18,529 km2. Its 
formation can be divided into three main evolutionary stages: regional compression (Triassic-early 
Cretaceous), fault depression (Paleogene), and whole depression (Neogene-Quaternary). It is composed 
of 5 sags and 3 buried-hill fault zones. Among these, source rocks in the Qikou sag (including the 
southern and northern Qikou sag), Banqiao sag, and Cangdong-Nanpi sag are sufficiently mature for 
petroleum generation, whereas those in the Yanshang sag are thermally immature [5].  
Injection site is located in the Madong nose-like block, on the east of Qikou Sag in the Huanghua 
Depression (Fig. 1). It belongs to the North Dagang buried hill tectonic belt. Based on the well logging 
data, the stratigraphic features include quaternary clay, the Neogene Pingyuan Formation with a depth 
less than 319 m and the Minghuazhen Formation from 319 to 1929.5 m. 
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Most of the wells in the field were drilled in the 1980s, with production from the Neogene 
Minghuazhen and Guantao formations. The field is still in operation, but there is only about 30% of oil 
reserve left. Well G282, an injection well that has been used for water-flooding oil recovery, was chosen 
to be the CO2 injection well. The injection depth level was selected to be the section between 1635.0 and 
1640.8 m. Two oil production wells, namely G635 and G737 near the injection well were used as 
monitoring wells and monitoring depth levels were 1665.4 – 1668.4 m, 1670.9 – 1698.0 m, respectively. 
These are intercepting the same reservoir as well G282. The injection zone in G282 is composed of sandy 
mudstone and shaly sandstone. The mean porosity and permeability of the formation is 31% and 740 
mDarcy, respectively. Located immediately above the injection zone is a layer of low permeability clay 
and shaly sandstone with a thickness of 17 m. However, the main seal to prevent CO2 from leaking to the 
surface is considered to be the regionally overlying thick Quaternary clay and Neogene interbeded 
mudstone and sandstone formations.  
In total, 305 tons of CO2 were continuously injected at a rate of 3.4 kg/s during 7 – 8 February, 2012 
with an injection pressure of 12 – 14 MPa. When injection was completed, KCl was injected to push the 
injected CO2 off the well into the formation in order to prevent ice from forming. After the operation, the 
injection has remained as a water injection well for flooding oil recovery as usual. 
Monitoring of chemical and isotopic changes in the wells was initiated right after the CO2 injection, 
both in the monitoring wells and at the ground surface. The CO2 was sampled from the trucks before the 
injection operation in order to establish the baseline. Post-injection gas and water samples were 
periodically collected from the monitoring wells. More than 150 gas samples and 50 water samples were 
collected from the start of injection to July 25th, 2012.  
All the gas and water samples were analysed in Exploration and Development Research Institute 
Experimental Center of China Petroleum Dagang Oil Filed. Compositions of the natural gas samples were 
analyzed using a Gas Chromatography (Agilent 6890N). HCO3- was analysed using the titration method. 
3. Results and discussion 
Initial compositions of gas samples show that the gas is mainly composed of CH4, accounting for 
about 86.7% to 95.1%, while CO2 occupies about 0.1% to 1.6%. After the beginning of CO2 injection on 
February 7th, the composition of CO2 in the G635 well begins to rise gradually (Fig. 2, left). Other gas 
including C2, C3, iC4, nC4 also rises with CO2, while CH4 (C1) decreases. The correlation between the 
changes of several gases is very remarkable: a positive correlation exists between CO2 and C2, C3, iC4, 
nC4, and a negative correlation exists between CO2 and C1.  
4. Results and discussion 
Initial compositions of gas samples show that the gas is mainly composed of CH4, accounting for 
about 86.7%  95.1%, while CO2 occupies about 0.084%1.569%. After the beginning of CO2 injection 
on February 7th, the composition of CO2 in the G635 well begins to rise gradually (Fig. 2, left). Other gas 
including C2, C3, iC4, nC4 also rises with CO2, while CH4 (C1) decreases. The correlation between the 
changes of several gases is very remarkable: a positive correlation exists between CO2 and C2, C3, iC4, 
nC4, and a negative correlation exists between CO2 and C1.  
Nevertheless, in the well G737, there is no remarkable change of CO2 or other gases (Fig. 2, right). 
This is because the sampling site at G737 is much deeper than the injection position, while buoyancy 
drives CO2 upwards. Compared with the observed gas composition in well G635, the gas flux in G737 
behaves as baseline values that have not been affected by CO2 injection. Therefore, the variation of CO2 
flux proves to be one of the most sensitive parameters for tracking the migration of injected CO2. 
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Fig. 2 Evolution of gas composition (%vol) of the post-injection brine samples in G635 well (left) and G737 (right).  
Chemical analyses of water samples obtained from both wells prior to CO2 injection show that the 
‘Dagang’ brine is a Na – HCO3 type water, with a relatively constant salinity of 3000 - 4500 mg/L as total 
dissolved solids (TDS). Results of chemical analyses on water samples collected after CO2 injection 
demonstrate unexpected change of HCO3-, which has been recognized as a sensitive parameter and will 
rise dramatically due to the effect of CO2 injection [6]. However, in Dagang site, HCO3- at both 
monitoring wells decreases gradually after the first day of CO2 injection and then changed to a constant 
value. This may be explained by the fact that brine with dissolved CO2 did not migrated to the monitoring 
wells, a hypothesis that needs to be further analysed.  
5. Conclusions 
A total of 305 t CO2 was injected into the Neogene Minghuazhen Formation in the Bohai Bay Basin. 
The BBB-Nm field test demonstrated the relatively straightforward method of CO2 injection and its rapid 
transport to the observation well. Our geochemical monitoring technologies were successfully used to 
track the injected CO2. CO2 flux rises rapidly in pulse after the injection in the monitoring G635 well, 
while it keeps constant in the monitoring G737 well. But HCO3- in brine seems not be affected in both 
monitoring wells, showing a slower rate of water migration than that of CO2. Further analysis of 
geochemical parameters including water and gas isotopes, water ions, geophysical results, and numerical 
modeling should be integrated to characterize the status of injected CO2 in depleted oil reservoirs and to 
be able to extend the results to deep saline aquifers. 
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